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RESUME. - Analyse chromosomique intra-specifique chez 
Rhamdia quelen (Siluriformes, Heptapteridae). 

Nous avons etudie les chromosomes de Rhamdia quelen pro- 
venant de plusieurs sites du Bresil. Tous les specimens presentent 
2n = 58 avec 36m + 16 sm + 6st et FN =116 avec des chromosomes 
metacentriques de taille moyenne. Les specimens provenant des 
rivieres Agua dos Patos, Agua das Pedras et d’une station de pis¬ 
ciculture (FUNPIVI) ont montre une constriction secondaire dans 
le bras court de la paire 28 (st), correspondant avec la NOR, tandis 
que dans la population de la riviere Taquari, la NOR a ete observee 
dans la region terminale du bras court de la paire 23 (sm), ou les 
chromosomes homologues presentaient un heteromorphisme pour 
cette region. Les NORs correspondent avec une bande C-positive 
et fluorescente apres coloration a la CMA3. L’hybridation in situ, 
d’une sonde ADNr 28S, a ete realisee uniquement pour la popula¬ 
tion de la pisciculture, confirmant la presence des cistrons riboso- 
maux dans une paire de chromosomes. Le patron de distribution de 
l’heterochromatine a ete similaire dans toutes les populations, etant 
limite a une faible coloration dans les regions terminales des chro¬ 
mosomes, ainsi que dans les regions portant les NORs. Les echan- 
tillons de Rhamdia quelen examines dans cette etude ont dernon- 
tre une similitude caryotypique entre eux, tant pour les specimens 
d’une station de pisciculture que pour ceux du milieu naturel. 

Keywords. - Heptapteridae - Rhamdia quelen - Cytogenetics - Pop¬ 
ulations - AgNORs - CMA 3 - FISH. 

In most populations of Rhamdia, previous cytogenetic studies 
have revealed a diploid number of 58 and the data show a wide var¬ 
iation of the karyotype macrostructure, with differences in the kary¬ 
otypic formulae of the various populations (Garcia et al., 2003). In 
Rhamdia, the nucleolar organizer region (NOR) is generally locat¬ 
ed, in the terminal region of the short arm of a submetacentric or on 
a subtelocentric chromosome (Garcia et al., 2010). The heterochro¬ 
matin has been found in small quantities, basically distributed in 
the terminal regions of some chromosomes. In R. quelen (Garcia et 
al., 2010), the location of major ribosomal genes has been directly 
visualized by fluorescence in situ hybridization (FISH), mainly 
with 18S rDNA probes. 

The aim of the present study was to perform an intraspecific 
analysis of specimens of R. quelen from four locations using vari¬ 
ous chromosome banding techniques, to expand our knowledge of 
the karyotype in this group of fishes. 

MATERIAL AND METHODS 

A total of 25 specimens of Rhamdia quelen from four localities 
were studied: 9 specimens (3 males, 5 females and 1 sex unknown - 


MZUEL 5385) collected in Agua dos Patos River (Iepe, Sao Paulo 
State), 5 specimens (1 male and 4 females - MZUEL 5384) of Agua 
das Pedras River (Londrina, Parana State), 7 specimens (3 males, 
3 females and 1 sex unknown - MZUEL 3996) from Taquari River 
(Jataizinho, Parana State) and 4 specimens from the fish farm sta¬ 
tion named FUNPIVI (Fundagao de Piscicultura do Vale do Itajal), 
located in Timbo, Santa Catarina State. Chromosome preparations 
were obtained from kidney cells by direct method described for 
Bertollo et al. (1978) for the populations of Agua das Pedras, Agua 
dos Patos and Taquari rivers. For the specimens from the fish farm 
station and also Agua das Pedras River, the chromosomes were 
obtained through lymphocyte culture, following the method by 
Fenocchio and Bertollo (1988). The chromosomes were classified 
in metacentrics (m), submetacentrics (sm) and subtelocentrics (st), 
being all considered with two arms to calculate the fundamental 
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Figure 1. - Karyotype of Rhamdia quelen, representative from all popula¬ 
tions. A: Giemsa staining, m = metacentric, sm = submetacentric, st = sub¬ 
telocentric, B = B chromosome. In the box the pair 28 with secondary con¬ 
striction; B: C banding. Scale bar = 10 ptm. 
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Figure 2. - A: Pair 28 from Agua dos Patos River, Agua das Pedras River 
and fish farm station with C banding, NOR and CMA v B: Pair 23 from 
Taquari River with C banding, NOR and CMA 3 ; C: FISFI with 18S rDNA 
probe from fish farm statio 


heterochromatic blocks at both chromosomal telomeres, which can 
be considered as a discriminative character in this group of fish. 

In summary, the specimens of R. quelen from the four localities 
examined in this study demonstrated consistent karyotypic features 
in terms of diploid number, karyotype formulae, patterns of distri¬ 
bution and composition of heterochromatin, NOR location and the 
presence of B chromosomes. The only evident polymorphism was 
found in the NOR. According to present analysis and the literature 
for this genus, the karyotype evolution process in this group of fish 
is rather conservative, although the possibility of chromosomal 
rearrangements among some populations and/or species of Rham¬ 
dia cannot be discounted. 


number (FN). NOR silver staining and C-banding were performed 
according to Howell and Black (1980) and Sumner (1972), respec¬ 
tively, and chromomycin A 3 (CMA 3 ) staining following Schmid 
(1980). ArDNA 18S probe was used for fluorescence in situ hybrid¬ 
ization (FISH), according to Swarija etal. (2001). 


RESULTS AND DISCUSSION 

The specimens of Rhamdia quelen showed a diploid number 
of 58 with 36m + 16sm + 6 st and FN = 116 (Fig. 1A). The 2n = 58 
is a conserved characteristic in the genus Rhamdia ; however, the 
constitution of 36m + 16sm + 6 st was only described in R. quelen 
from Bodoquena Plateau (Moraes et al., 2007) and results are dif¬ 
ferent from all others (Garcia et al., 2010), although it maintains 
a predominance of metacentric and submetacentric chromosomes 
and a fundamental number higher than 100 , typical of the genus. 
Such differences in the karyotype formula can be attributed to chro¬ 
mosomal rearrangements that occurred in these populations over 
the years, or even due to difference in measurements of the chro¬ 
mosomal arms, according to various degree of chromosomal con¬ 
densation. B chromosomes of the medium metacentric type were 
found in all populations, including the specimens from the fish 
farm station, but their number and frequency in each varied greatly, 
as related by Moraes et al. (2009). 

C-banding produced weak staining of the terminal regions of 
almost all the chromosomes, where in some of them this staining 
was seen in both arms (Fig. IB). The secondary constriction in pair 
28 of the specimens from Agua dos Patos, Agua das Pedras and fish 
farm station was coincident with the NORs and appeared hetero¬ 
chromatic (Fig. 2A), as well as the terminal region of the short arm 
of pair 23 (sm) from the Taquari River population, in which hetero¬ 
morphism was observed among the homologous chromosomes 
(Fig. 2B). The in situ hybridization confirmed a single location of 
rDNA on chromosome pair 28 in the fish farm station specimens 
(Fig. 2C). The morphological difference among the NOR-bearing 
chromosomes, in the populations and/or species of Rhamdia, as 
seen in this study, can be due to the occurrence of chromosomal 
rearrangements, such as inversions and/or translocations. 

CMA 3 chromosomal staining showed fluorescent signals coin¬ 
cident with the NORs in R. quelen (Fig. 2A, 2B), indicating that 
these regions are flanked by GC-rich heterochromatin. 

The distribution of only weak heterochromatic staining in the 
terminal regions in both chromosome arms was described by Fen- 
occhio and Bertollo (1990) in R. hilarii and by Garcia et al. (2003) 
in Rhamdia sp., and therefore R. quelen is the first record of strong 
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